Providing safe water to .1 billion people in need is a major challenge. To address this need, the Safe Water System (SWS) -household water treatment with dilute bleach, safe water storage, and behavior change -has been implemented in .20 countries. To assess the potential sustainability of the SWS, we analyzed costs in Zambia of "Clorin" brand product sold in bottles sufficient for a month of water treatment at a price of $0.09. We analyzed production, marketing, distribution, and overhead costs of Clorin before and after sales reached nationwide scale, and analyzed Clorin sales revenue. The average cost per bottle of Clorin production, marketing and distribution at start-up in 1999 was $1.88 but decreased by 82% to $0.33 in 2003, when .1.7 million bottles were sold. The financial loss per bottle decreased from $1.72 in 1999 to $0.24 in 2003. Net program costs in 2003 were $428,984, or only $0.04 per person-month of protection.
INTRODUCTION
Going to scale with innovative public health interventions is a major challenge in global health (Victora et al. 2004) .
Interventions that have proven effective in community trials and operations research efforts must be scaled up to have the impact needed to address critical public health problems. This challenge is best exemplified by the need for improved water and sanitation services. The World Health Organization (WHO) estimates that over 1.1 billion people in the developing world lack access to improved water supplies (World Health Organization (WHO) 2003) .
Tens of millions more rely on improved community water supplies that may not deliver microbiologically pure water, or that require water to be carried home and stored, exposing it to the risk of contamination (Mintz et al. 2001) .
One consequence of this deficiency in public health services is the problem of diarrheal diseases, which cause 2.2 million deaths annually, most in children under 5 years old in developing countries (World Health Organization (WHO) 2003) . While the provision of safe water infrastructure to the world's poor will take decades and require an investment of tens of billions of dollars, the health of vulnerable populations can be protected in the short to medium term by scaling up access to inexpensive, effective, alternative water quality interventions.
The Safe Water System (SWS), a household-based approach to improving water quality that employs simple, robust, and inexpensive technologies appropriate for the developing world, is one such intervention. The SWS, developed by the Centers for Disease Control and Preven-WHO consists of three elements: water disinfection with locally produced dilute sodium hypochlorite solution, promotion of safe water storage practices, and behavior change techniques, such as social marketing (Quick 2005) .
The objective is to make water safe through disinfection and safe storage at the point of use. Field trials of the SWS have demonstrated that its use reduces the risk of diarrhea by 30 to 90% (Semenza et al. 1998; Quick et al. 1999; Reller et al. 2001; Roberts et al. 2001; Quick et al. 2002) . The success of the SWS in preventing diarrheal disease has resulted in efforts to increase access to SWS products through social marketing using commercial channels for widespread product distribution (Dunston et al. 2001; Makutsa et al. 2001) . The experience of SWS in Zambia offers an opportunity to investigate the intersection of two key contemporary issues in global public health -the financial costs of going to scale with an effective public health intervention and the private sector supply of public health products (Conteh & Hanson 2003; Hanson et al. 2003) .
In 1998, the Society for Family Health (SFH), a nongovernmental organization (NGO) that specializes in social marketing and is the Zambian affiliate of Population Services International (PSI), initiated a SWS social marketing campaign in Zambia, giving the disinfectant solution the brand name Clorin. In an efficacy study, regular use of Clorin decreased the risk of diarrhea episodes among household members by 48% (Quick 2005) . Product sales of Clorin in Zambia have increased annually since 1998 with 1.7 million bottles sold in 2003. In a country of 10 million persons with an average per capita income (GNI) of only $380 (World Bank, Gross National Income per Capita in 2003, Atlas Method, US$), the household use of Clorin, shown in a national survey to be 14% (Olembo et al. 2004) , is remarkable. As efforts continue to expand the use of SWS globally financial evidence is needed to bolster current epidemiological and programmatic evidence. This paper describes the assessment of the production, marketing, and distribution costs for Clorin in Zambia through SFH from 1999 to 2003, estimates levels of product subsidy, and examines the prospects for financial sustainability of this important public health product. Like many social marketing projects in developing countries, Clorin in Zambia is supported with donor funds and user contributions, a so-called mixed approach. We examine the cost structure of Clorin production, marketing and distribution in the PSI product portfolio and revenue generation at different stages of the product cycle (Victora et al. 2004; Kikumbih et al. 2005 ) in order to more fully understand the supply side financial dynamics.
CLORIN OPERATIONS IN ZAMBIA
Clorin, a 0.5% sodium hypochlorite solution, is produced through an electrolytic process from a 3% salt and water mixture, and packaged in 250 ml bottles. During 1999 -2000, the first two years in our cost analysis, the Society for Family Health had seven hypochlorite generators in five production sites (Lusaka, Kitwe, Mansa, Kasama, and Livingstone). In 2003, SFH had eight hypochlorite generators but centralized production to three key sites (Lusaka, Kitwe, and Mansa - Figure 1 ). SFH motivates populations to purchase and use healthoriented products through "social marketing" techniques that increase demand for, access to, and proper use of Clorin and other essential health products like condoms, and various family planning methods (Population Services International 2005) . Social marketing methods include dissemination of information at clinics, markets, and schools; peer education; community education through a traveling mobile video unit; radio advertisements; wall paintings; and posters, brochures and t-shirts. SFH targets two audiences in its promotional campaigns: mothers of children under five, and school age children, who play a role in influencing parents to adopt healthier behaviors.
Clorin retails at pharmacies, drugstores, grocery stores, motels/hotels, bars, workplaces, and private clinics. One 250 ml bottle of Clorin lasts about one month in a typical household if used daily. It is sold at a discounted price to distributors, wholesalers, non-governmental organizations (NGOs), public clinics, and schools. Those who purchase 120 or more bottles at a time receive an additional volume discount. Wholesale and retail prices for Clorin remained located at one of three production sites deliver "ready to stock" product to the field office requesting the order. Sales data were obtained from an Access database designed and maintained by an in-house SFH data analyst.
Sales data were stratified by field office, type of customer, and volume of Clorin purchased to determine revenues.
Cost and sales data were imported from Access databases to Excel spreadsheets where data were analyzed. Data that were not available in Access or Excel format were abstracted from paper records into Excel for analysis.
Production, marketing, and distribution costs were compared with revenues to assess profit and loss, which subsequently allowed us to ascertain the level of product subsidy. By projecting costs and revenues under a maximum capacity scenario (see Results section for description), we were able to assess prospects for financial sustainability. All analyses were conducted from the perspective of SFH. 
RESULTS

Cost analysis
The average cost per bottle of Clorin production, marketing and distribution decreased from $1.88 in 1999 to $0.33 in 2003 representing an overall decrease in costs by 82%
( (Table 3) .
Production
As demand increased, evidenced by increasing sales, production expanded and the total variable costs of production 
Maximum capacity scenario
In 2003, the hypochlorite machines were not being used to capacity. In a scenario keeping fixed costs and staffing per machine constant, but increasing the batch sizes to the maximum capacity of the machines, 4.98 million bottles could be produced yielding an increase in revenues from $129,895 to $448,470. In this projection, the loss per bottle decreases from $0.24 to $0.09 (Table   4) 
Cost drivers
Whereas fixed costs of production were the largest contributor to costs in 1999, production variable costs were the largest in 2003. Raw material costs contributed 63% of the total production costs in 2003. Distribution costs were the second largest total cost contributor with fuel, maintenance, and driver per diem representing 51% of the distribution costs. Marketing costs were the third biggest contributor to overall costs with communication, year, could be produced at a programmatic cost of $899,985. This represents a highly reasonable investment to protect 50% of the Zambian population.
One potential scenario for improving the sustainability of this program would be to increase the product price, which would increase sales revenues and help close the gap between costs and revenues. Data in this analysis suggest that a price of 33 cents per bottle would permit full cost recovery at current production levels, a price increase of 367%. The risk of such an approach, however, would be to price the product out of the reach of the most vulnerable populations. At the base of the socio-economic pyramid are households that are most susceptible to morbidity and mortality from diarrheal diseases. This segment of the population has little or no disposable income and is least able to afford even the lowest product prices. The experience from other SWS programs suggests that demand is highly elastic. Increasing the price would run the risk of achieving sustainability objectives at the expense of failing to achieve health objectives. It is clear that new models of implementation that accommodate simultaneous needs for cost recovery and accessibility to the very poor are needed.
Experience with user fees and water programs of many types suggests that increased consumer fees for water can make safe water unaffordable for the poor and vulnerable populations, with the consequence of greater inequality for a necessary public health input. The challenge for the SWS is thus the same as that for most other public health goodsthose who have the greatest need have the least ability to pay. Higher prices for water mean that poor have to use less water or go without. With privatization and commercialization of water, rising prices have sometimes been accompanied by falling quality. Creative and targeted subsidies must be instituted to avoid these consequences -limiting water supplies for the most vulnerable and falling quality -for the SWS program.
In the absence of a price increase, an alternate strategy to achieve cost recovery may be to decrease costs of the operation by targeting the major cost drivers to achieve efficiencies.
Production variable costs and, in particular, the cost of Clorin bottles and labor were the largest contributors to overall costs. Another strategy to increase sustainability may be to improve marketing. While costs of marketing have declined there is no reason to believe that the current level is optimal.
Management decisions to decrease marketing may need to be re-evaluated to determine whether improved marketing could improve revenue and sustainability.
Currently the subsidy is on the supply side. While this allows the price to be lower to generate higher sales, the benefits of the subsidy go to all users, including those who would have been able to pay a full unsubsidized price.
A complimentary strategy would be to subsidize purchase for the least well off. Coupons or some method for increasing sales among the least well off could increase sales and coverage. While the overall subsidy would either increase or remain the same under current bottle pricing, the subsidy would be targeted at those in greatest need.
A longer term strategy to increase access to Clorin in the context of price barriers is to implement income generation initiatives to improve the buying power of a population. For example, micro-credit programs developed to increase access to funds and fuel grass-roots entrepreneurship could improve the financial health of an impoverished population. Such approaches need to be further studied in the field to assess their impact and generate methodologies for implementation nationwide.
The implications of the findings of this study could be better understood through further research into the elasticity of demand for SWS products among different population and income groups in Zambia. Furthermore, data on populations using Clorin and the diarrheal disease burden in those populations, especially those in rural areas and the poor, are necessary to assess Clorin's effectiveness. The economics of social marketing differ from that of a purely commercial strategy, so future research should compare the two approaches to see whether social marketing leads to higher coverage of lower socio-economic groups and greater reach into rural areas (Kikumbih et al. 2005; Population Services International 2005) .
The literature on supply side factors for public health products has significant gaps including data on the market structure found in the private sector. The market structure for Clorin in Zambia presents an opportunity to use newer methods such as retail audits to refine methodological approaches to dealing with informal outlets and seasonality of sales (Conteh & Hanson 2003; Hanson et al. 2003; Victora et al. 2004 ).
Water quality improvement and sanitation have been
arguably the most effective interventions in the history of public health (Cutler & Miller 2005) . That governments and donors have not managed to provide universal access to safe water has been one of the great global public health disappointments over the past 50 years and leads to real concern that the Millennium Development Goal (MDG) for Safe Water may not be met. To achieve the MDG for Safe Water will require that nearly 300,000 new people receive access to water each and every day between now and 2015.
Even if this daunting goal is met, half of the world's population in need, will remain without access to improved water supplies.
The SWS is one of several point of use water treatment interventions that could help protect health now while the world community toils to meet the Millennium Development 
